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2j w w j
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(3)
  
  
             
where Vw is the inlet velocity and T is the thrust of impeller 
and Aj is the nozzle area. 
 
( ) ( ){ }12 21 2.69 2.69 4 418 9.81 / 1000 0.038
2
11.8 /
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m s
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=
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Actual jet efficiency 
 
 
 
where , ,  
from Fig. 10 in Allison (1993) and (same height at 
inlet and nozzle). 
 
 
2
1 2 0.228 (1 0.228)
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0.93 1 0.01 0.228j
η ⋅ ⋅ −= ⋅ =+ −  
 
Therefore Overall Performance Coefficient is roughly 
predicted as follows; 
 
( )1
0.97 0.98 0.60 0.395 0.98
0.22
t r p jOPC tη η η η= ⋅ ⋅ ⋅ ⋅ −
= × × × ×
=
            (6) 
 
This initially predicted OPC is applied to other speed as 
shown in Table 2. The effective horse power (EHP) is also 
predicted from similar vehicle data. If the pump efficiency 
can reach to around 65%, the achieved speed would be higher 
than the design speed of 5.38knots. 
 
The required water head can be also calculated based on 
the above assumptions. 
 
 
 
 
 
                       (7) 
 
 
The specific speed is also calculated as follows; 
 
  
 
                         
 
 (8) 
 
 
 
 
Table 2 Preliminarily predicted parameters for the design of 
Pod type waterjet. 
Vs  
[knots]
EHP 
[kW] 
RT  
[kN] OPC  
DHP 
[kW] 
4.33 9.08 2.52 0.22 0.9 45.86 
4.89 14.06 3.24 0.22 0.9 71.01 
5.38 19.42 4.10 0.22 0.9 98.08 
5.94 26.32 5.24 0.22 0.9 132.93
: transmission efficiency, RT : total resistance 
 
For amphibious military vehicles there are a number of 
special and unique waterjet requirements, some of which 
need to be taken into account for the present design. These 
are:   
- High thrust at low speeds to aid maneuverability and exit 
from waters 
- Resistance to cavitation when power is applied at low 
speeds, typically 1.67m/s to 2.78m/s for swimming vehicles 
which corresponds to 6km/h ~ 10km/h. 
- Since the vehicle runs over muddy ground, the tip of the 
impeller is wide and thick enough to resist wearing 
The duct-impeller-stator is then designed by taking the above 
items into account. 
The impeller diameter is designed as 330mm for the 
power absorption of NCR 73.5kW (100PS) per a unit. 
According to the requirement of the resistance to cavitation, 
the area ratio of the impeller blade is designed to be large. In 
particular, the pitch at the tip is decreased to avoid cavitation 
since the flow speed on the tip region of the blade is the 
fastest. According to the same concept, the chord length at 
the tip region is designed to be larger than those at the other 
radii. 
The correct design angle of the stator leading edge is 
essential to achieve good performance of the pump since this 
plays an important role in straightening rotating flows. The 
number of the stator blade also plays a key role in 
straightening rotating flows, resulting in good pump 
efficiency. The number of the stator blade was chosen as 11, 
which is a somewhat larger number than the flush type due to 
a short stator length which is due to the short duct length and 
also usual in a Pod type waterjet. The thickness of the tip and 
the leading/trailing edges of the impeller and stator were 
designed to be thick enough to resist wearing. The principal 
particulars of the designed pump part are shown in Table 3. 
( ) ( )
2 2
2 2
/ 2 / 2
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y The design speed of 5.38knots can be obtained at the power 
of 57.4kW per a unit based on the experimental results 
which is lower than the initial NCR design power (73.5kW 
per one unit). If the computational result is used for the 
prediction of speed performance, which means only 
replacement of torque, the required power would be larger 
as 66.6kW which is, however, still lower than the NCR 
power of 73.5kW. 
 
 
 
ACKNOWLEDGEMENT 
 
This research was supported by the ROTEM Co. The 
support is gratefully acknowledged. 
 
 
 
REFERENCES 
 
Allison, J.L., 1993. Marine waterjet propulsion. Trans. 
SNAME., 101, pp. 275-335. 
Allison, J.L. and Jiang, C.B., 1998. Modern tools for waterjet 
pump design and recent advances in the field. 
International Conference on Waterjet Propulsion Ⅱ , 
RINA, Amsterdam, pp. 1-19. 
Chien, K.Y., 1982. Prediction of channel and boundary-layer 
flows with a low-Reynolds number turbulence model. 
AIAA Journal, 20, pp. 33-38. 
Chun, H.H. Park, W.K. and Jun, J.G., 2002. Experimental and 
CFD analysis for rotor-stator interaction of waterjet pump. 
Proc. of 24th Symposium on Naval Hydrodynamics, Japan, 
8-13 July 2002. 
Chun, H.H. Kim, M.C. Ahn, B.H. and Cha, S.M., 2003. Self-
propulsion test and analysis of an amphibious tracked 
vehicle with waterjet. Proceedings of World Maritime 
Technology Conference and SNAME Annual Meeting, 
Paper No. D6 (D-133), USA. 
Dring, R.P. Joslyn, H.D. Hardin, L.W. and Wagner, J.H., 1982. 
Turbine rotor-stator interaction. Journal of Engineering 
for Power, 104, pp. 729-742. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Kim, M.C. and Chun, H.H., 2007. Experimental investigation 
into the performance of the axial-flow-type waterjet 
according to the variation of impeller tip clearance. 
Journal of Ocean Engineering, 34, pp. 275-283. 
Leonard, B.P., 1976. A stable and accurate convective 
modeling procedure based on quadratic upstream 
interpolation. Computer Method in Applied Mechanics 
and Engineering, 19, pp. 729-742. 
Ockfen, A.E. and Matveev, K.I., 2009. Aerodynamic 
characteristics of NACA 4412 airfoil section with flap. 
International Journal of Naval Architecture and Ocean 
Engineering, 1(1), pp. 1-12. 
Park, W.G. and Sankar, L.N., 1993a. An iterative time marching 
procedure for unsteady viscous flows. ASME-FED, 20. 
Park, W.G., Sankar, L.N., 1993b. Numerical simulation of 
viscous flow around a propeller. AIAA Paper No. 93-3056. 
Park, W.G. Kim, H.W. Jung, Y.R. and Park, E.D., 1996. 
Unsteady incompressible turbulent flow simulation of the 
rotor-stator configuration. Proceedings of the International 
Symposium on Transport Phenomena and Dynamics of 
Rotating Machinery, 2, pp. 257-267.  
Park, W.G. Jang, J.H. Chun, H.H. and Kim, M.C., 2006. 
Numerical flow and performance analysis of waterjet 
propulsion system. Journal of Ocean Engineering, 32, pp. 
1740-1760. 
Taylor, T.E. and Kerwin, J.E., 1998. Waterjet pump design and 
analysis using a coupled lifting surface and RANS 
procedure. Proceedings of International Conference on 
Waterjet PropulsionⅡ, RINA, No. 5, Amsterdam, pp. 1-9. 
Taylor, T.E. and Kimball, R.W., 1999. Experimental validation 
of a coupled lifting-surface/RANS procedure for waterjet 
pump and design analysis. Proceedings of FAST ’99, 
Seattle, pp. 893-900. 
Van Manen, J.D., 1962. Effect of radial load distribution on the 
performance of shrouded propellers. Spring Meeting 
SNAME. 
Viecelli, J.A., 1969. A method for including arbitrary external 
boundaries in the MAC incompressible fluid computing 
technique. Journal of Computational Physics, 4(4), pp. 
543-551. 
 
